Introduction {#sec1}
============

Retinopathy of prematurity (ROP) is a neovascular disorder of the developing retina, which is the main cause of visual impairment and blindness in infants with low birth weight and preterm gestational age.[@bib1] The development of retinal vessels is disrupted by preterm birth. Fibrovascular proliferation and abnormal vessel formation may cause vitreoretinal traction and retinal detachment which may lead to irreversible blindness.

ROP has recently become a very serious problem in developing countries due to the improvement in the surviving rates of younger preterm infants.[@bib2] As the survival rate of very low birth weight infants in intensive care units rises, the number of infants with ROP has risen.[@bib3]

Laser photocoagulation is the standard of treatment choice in an attempt to slow down or reverse the growth of abnormal blood vessels and scar tissue formation despite problems such as visual field loss and development of myopia.[@bib4], [@bib5] Recent research studies have shown that although laser treatment produces excellent results, 10% of the patients still may have unfavorable results.[@bib6]

In current practice, there has been an increase in the use of vascular endothelial growth factor inhibitors (anti-VEGF) which appears to cause abnormal vessels to regress thereby preventing bleeding and retinal detachment. Intravitreal bevacizumab (IVB) monotherapy compared with conventional laser therapy showed a significant benefit for zone 1 stage 3 plus ROP.[@bib7] Additionally, many clinicians prefer to use IVB injection in combination to laser photocoagulation or preoperatively to improve surgical outcome.[@bib8], [@bib9]

Anti-VEGF treatment may be reserved for premature infants who cannot tolerate the laser procedure because of their other life-threatening conditions, inadequate visualization of the retina preventing appropriate laser treatment, or in extremely premature infants with an aggressive form of ROP \[aggressive posterior ROP (APROP)\] that has a high risk of retinal detachment.

In this study, we evaluated IVB injection as a treatment option following the failure of laser photocoagulation.

Methods {#sec2}
=======

A retrospective review of infants treated with IVB injection due to treatment failure of laser photocoagulation between 2011 and 2014 was performed. The study was approved by Ethics Committee of the Institution.

Laser photocoagulation was performed in cases with APROP and high-risk pre-threshold (type 1) disease. Type 1 disease is defined as: zone 1 any stage with plus disease, zone 1 stage 3 without plus disease and zone 2 stage 2 and stage 3 with plus disease according to Early Treatment Retinopathy of Prematurity Study.[@bib10] APROP was defined as increased dilation and tortuosity of the posterior pole vessels in all quadrants with flat neovascularization between vascular and avascular retina in Zone I or posterior Zone II.[@bib11]

Laser photocoagulation was performed under sedo-analgesia with remifentanil.[@bib12] The laser technique used was indirect transpupillary photocoagulation (OcuLight^®^ SL, Iridex, CA, USA). All patients underwent diode laser photocoagulation of the peripheral avascular retina area with confluent laser pattern. After laser treatment, patients were examined with indirect video ophthalmoscope on the next day and weekly. All the laser procedures were performed by a single experienced physician.

Despite fully laser photocoagulation without skip areas, persistence or progression of plus disease and retinal neovascularization, the persistence of rubeosis iridis or new vessel formation on the iris, and an increase in retinal traction were considered treatment failure. In these cases, IVB injection was taken into consideration, and the parents were informed about the procedure. Informed consent was obtained.

All IVB injections were performed in the NICU. The pupil was dilated with 2.5% phenylephrine and 0.5% tropicamide before intravitreal injection. Following topical anesthesia using 0.5% proparacaine hydrochloride, the children were held by a nurse. The eyelids and eyelashes were cleaned with 10% povidone-iodine and draped. A lid speculum was placed, and conjunctiva was prepared with 5% povidone-iodine. A total of 0.625 mg (0.025 ml) bevacizumab was injected 1.5 mm posterior to the limbus in the temporal inferior quadrant in an oblique way via a 30G needle. Both eyes were not treated in the same sessions. When necessary, the fellow eyes of the patients were treated on the following day. After intravitreal injection, retinal artery perfusion was checked. Topical netilmicin sulfate was administrated six times a day for 1 week postoperatively.

Results {#sec3}
=======

The study consisted of 9 eyes of 6 premature infants, 5 boys and 1 girl whose main clinical characteristics are detailed in [Table 1](#tbl1){ref-type="table"}. Gestational age at birth of the infants ranged from 25 to 29 weeks (mean 26.3 ± 2.1 weeks), and the birth weights varied from 600 g to 1200 g (mean 908 ± 253 g). Laser photocoagulation and IVB were performed at the mean postmenstrual age of 35.2 ± 1.4 weeks (range, 33--37) and 36.4 ± 1.8 weeks (range, 34--38), respectively.Table 1Clinical characteristics of the patients.Table 1PatientGA (weeks)BW (g)GenderStageZoneLaserIVBIndication for IVBTime to resolutionAnatomical outcome125720MaleAPROP1W: 36\
OD: 1810 spots\
OS: 1700 spotsW: 38 (Bilateral)Persistence of plus disease4 daysRegression2271100MaleAPROP2-PW: 34\
OD: 1490 spots\
OS: 1580 spotsW: 36 (OS)Persistence of plus disease5 daysRegression326730Male32W: 36\
OD: 1085 spots\
OS: 988 spotsW: 38 (OD)Persistence of retinal neovascularization and new vessel on the iris7 daysRegression4281200MaleAPROP1W: 33\
OD: 1698 spots\
OS: 1762 spotsW: 36 (Bilateral)Progression of plus disease and retinal neovascularization4 daysRegression5291100MaleAPROP1W: 35\
OD: 1935 spots\
OS: 2047 spotsW: 37 (Bilateral)Progression of plus disease and new vessel on the iris--Progression to stage 4A623600Female32W: 35\
OD: 1430 spots\
OS: 1350 spotsW: 37 (OD)Persistence of plus disease and new vessel on the iris3 daysRegression[^1]

One patient (Patient 3) was followed in our neonatal intensive care unit, and the others were referred from other clinics for laser photocoagulation.

Six of the eyes had zone 1 ROP, and all of these eyes were classified as APROP. Three of the eyes had zone 2 ROP, and one of these eyes with zone 2 posterior was classified as APROP, and the other two eyes were classified as high-risk pre-threshold disease. All of the eyes showed regression of the disease except one patient, both eyes of whom progressed to stage 4A and underwent lens-sparing vitrectomy bilaterally. At the last follow-up performed two years after surgery, the retina was attached in both eyes and the lenses were clear. Mean regression time was 5 days (3--7 days) after treatment, and mean follow-up time was 22.8 ± 20.9 (6--50 months). Images of one of the patients in whom ROP regressed after treatment and the only patient who developed retinal detachment following IVB injection are shown in [Fig. 1](#fig1){ref-type="fig"}, [Fig. 2](#fig2){ref-type="fig"}.Fig. 1Fundus images of the right eye of case 3. The patient was treated with laser photocoagulation for zone 2, stage 3 disease at 36 weeks. Due to insufficient regression of retinal neovascularization, intravitreal bevacizumab (IVB) injection was performed at 38 weeks. Baseline fundus images at 38 weeks before IVB were shown on (A) and (B) and regression of the disease 3 weeks later following IVB injection were shown on (C) and (D).Fig. 1Fig. 2Fundus images of the right eye of case 5. The patient was treated with laser photocoagulation for aggressive posterior retinopathy of prematurity (APROP) at 35 weeks. Due to persistence of plus disease, intravitreal bevacizumab (IVB) injection was performed at 37 weeks. Baseline fundus photographs at 37 weeks before IVB were shown on (A) and (B). Development of retinal detachment and its progression after IVB injection were shown on (C) and (D). Retinal detachments on nasal side optic disk were shown with white arrows.Fig. 2

There were no ocular complications such as cataract, endophthalmitis or ocular inflammation, and any other systemic (cardiovascular, neurological and respiratory) adverse effects were not identified at the end of the six month follow-up period.

Discussion {#sec4}
==========

In this study, our small case series showed that IVB treatment seems to be effective in case of treatment failure with laser photocoagulation. In our case series, only one patient did not respond to therapy and bilaterally progressed to stage 4A, whereas the other eyes we observed significant improvement.

Currently, standard therapy in the treatment of ROP is to ablate the peripheral avascular area by making laser photocoagulation scars without skip areas.[@bib13] Many studies have found the success rate of laser treatment over 90%.[@bib14], [@bib15] However, unfavorable structural results have been reported, and progression of the disease in zone 1 cases is common despite extensive laser treatment.[@bib16], [@bib17], [@bib18] Laser photocoagulation causes regression of retinal neovascularization by destructing avascular retina, but it may cause an increase in VEGF levels temporarily after photocoagulation, and this situation may cause a progression in ROP.[@bib19], [@bib20] For this reason, regression of neovascularization occurs within 2--3 weeks, and progression of ROP can be seen, especially in posterior pole ROP (zone 1 or posterior zone 2 ROP) despite complete laser treatment.[@bib21]

IVB does not act over a long period. It starts inducing regression of the neovascularization as soon as it blocks all VEGF in the vitreous.[@bib20] For that reason, the anti-VEGF therapy has an additional benefit in over laser therapy. Furthermore, previous studies have evaluated IVB as an adjuvant or as a possible monotherapy for especially posterior ROP disease.[@bib22], [@bib23]

The results of the BEAT-ROP study demonstrated that IVB monotherapy, as compared with conventional laser therapy in infants with stage 3 ROP, showed a significant benefit for zone 1 diseases.[@bib7] However, the rate of recurrence in zone 2 posterior disease did not show the difference between laser therapy group and the bevacizumab group. In addition to IVB monotherapy, several studies using combined IVB injection and laser ablation reported favorable outcomes.[@bib9], [@bib22], [@bib24]

In our case group, the choice of laser photocoagulation in cases with zone 1 or zone 2 posterior disease may have led to the need of IVB as a rescue therapy (7 eyes with zone 1 and zone 2 posterior vs. 2 eyes with zone 2). In these cases, laser photocoagulation was preferred because bevacizumab was not used in our clinical practice at that time. At present, we prefer IVB monotherapy in these types of cases with additional laser photocoagulation if the disease recurs or peripheral avascular area remains. Additionally, laser photocoagulation may be required for APROP cases as a first treatment if there is a contraindication for the use of IVB such as conjunctivitis or other active external eye infections.

As another point, surgeons should follow the cases for a long period of time after IVB because the recurrence is common, and in these cases, previous laser therapy had the benefit of possible less recurrence. Also, surgeons should follow the cases closely, as the eyes may progress to higher stages despite aggressive laser and IVB and need vitrectomy.

Although IVB may be a good treatment choice for posterior ROP and can be used in different approaches, timing is crucial for the success. In early usage, it may lead to the delay of normal vascularization in contrast to late usage that may cause tractional retinal detachment due to preformed fibrous vitreoretinal membrane termed as Crunch phenomenon. Similar cases with severe proliferative diabetic retinopathy showed the phenomenon after IVB injection. One of our stage 3 patients might have faced the same problem in our follow-up, but further studies are needed to show which group of ROP patients may develop the phenomenon.

Despite promising results with IVB as monotherapy or combination with laser, systemic effects of IVB injection are uncertain. So it should be noted that infants with ROP are still in the process of organogenesis, and VEGF plays a role in the development of most organs. Furthermore, contrary to monotherapy with IVB, rescue therapy has a higher risk of systemic side effects because previously performed laser treatment may cause the escape of more bevacizumab into the systemic circulation from ablated retina.[@bib23] Although we did not see systemic side effects, further prospective larger scaled studies with longer follow-up periods might be helpful.

Due to a small number of cases, it is difficult to make a generalized statements regarding the use of bevacizumab as a rescue therapy in cases unresponsive to laser photocoagulation in this report. Nonetheless, we observed a significant improvement in the progression of disease except for a patient.

As a result, in case of failure of laser photocoagulation in ROP, IVB can be an option to prevent progression of the disease. However, studies with larger sample sizes need to be performed to clarify this issue.
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[^1]: GA: Gestational age, BW: Birth weight, IVB: Intravitreal bevacizumab, W: Postmenstrual week, APROP: Aggressive posterior retinopathy of prematurity.
